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AUTOMATIC PARKING BRAKE 

[0001] Prior Art 

[0002] The present invention relates to an automatic parking brake for keeping a 
vehicle parked. The present invention also relates to an improved method for actuating 
an automatic parking brake. 

[0003] Parking brakes are known in various versions in the prior art. Until now, 
vehicles have often used a mechanical parking brake, in which the driver actuates the 
parking brake of the vehicle via a grip bar and a cable. Recently, automatic parking 
brakes have also been proposed, in which the driver actuates the parking brake simply 
be pressing a button. The driver's wishes regarding the parking brake are delivered to a 
controller, which drives an electric motor, for instance, located on the brake piston in 
order to carry out the driver's wishes. It has proved disadvantageous, however, that 
because of an additional increase in volume, the parking brake has an influence on the 
service brake system. Moreover, in automatic parking brakes known at present, sensors 
are used for determining the position of the parking brake at the time, that is, the 
blocked state or the released state. 

[0004] Advantages of the Invention 

[0005] The automatic parking brake of the invention, the characteristics of claim 1, has 
the advantage over the prior art that it makes a simple, economical construction 
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possible. The automatic parking brake of the invention furthermore has no influence on 
the service braking, and in particular there is no additional increase in volume caused 
by the parking brake in a normal service braking event. This is attained according to 
the invention in that the automatic parking brake has a brake piston an auxiliary piston, 
a hydraulic chamber disposed between the brake piston and the auxiliary piston, a 
spring element for prestressing the auxiliary piston, a spindle device connected to the 
auxiliary piston via a threaded connection, and a drive for the spindle device. The 
brake piston is preferably the same brake piston that is used by the service brake of the 
vehicle as well. In the locked state of the parking brake, the brake piston is 
mechanically locked via the spindle device and the spring-loaded auxiliary piston. In a 
released state of the parking brake, the auxiliary piston is fixed by means of the spring 
element and/or by means of the spindle device. 

[0006] The dependent claims define preferred refinements of the invention. 

[0007] The drive of the spindle device is preferably an electric motor. Alternatively, a 
hydraulic drive or a hydraulic motor or a magnetic drive can also be used as the drive. 

[0008] Especially preferably, the automatic parking brake of the invention includes a 
diagnosis device for determining a locked state of the parking brake. The diagnosis 
device includes a detection device for detecting a motor current consumed by the 
electric motor during the locking operation or release operation. On the basis of the 
motor current consumption over time, a diagnosis can thus be made of the state (that is, 
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parking brake locked or parking brake released). According to the invention, a 
complicated additional sensor array can be dispensed with. 

[0009] Preferably each time the automatic parking brake is actuated, a blocking current 
of the electric motor is determined before the actual actuation of the parking brake. 
This value of the short-circuiting current is used as a reference value for the diagnosis 
device. Determining the blocking current can be done upon locking the parking brake 
and/or upon releasing the parking brake. 

[0010] The automatic parking brake of the invention need not be operated with a 
readjustment mechanism to compensate for lining wear, since it can take on this 
compensation task itself. However, it should be noted that the automatic parking brake 
of the invention can also be used with the known readjustment mechanisms. 

[001 1] Also preferably, the spindle is disposed in an air-filled chamber. As a result, 
the spindle can be prevented from coming into contact with the brake fluid, and 
therefore no special demands need to be made of the spindle device. 

[0012] A sealing element on the brake piston for sealing off the hydraulic chamber 
from the environment is preferably also embodied as a restoring element for the brake 
piston. Thus the sealing element takes on not only the sealing function but also a 
restoring function for the brake piston. The sealing element may be embodied as a 
sealing cuff, for example. 
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[0013] To prevent the spindle device of the automatic parking brake from seizing, a 
device for preventing seizing of the spindle device is preferably provided. 

[0014] The device for preventing seizing preferably includes both an element that 
protrudes from a head of the spindle device and an elastic element. To keep friction as 
slight as possible, the protruding element on the head of the spindle device is preferably 
a ball. 

[0015] In another preferred embodiment of the present invention, the device for 
preventing seizing of the spindle device is a stop. The stop includes a first element and 
a second element. The first element is disposed on a head of the spindle device, and the 
second element is disposed on a housing part of the parking brake. In a stop position, 
the first element and the second element are jointly in contact with a stop face, and the 
stop face is perpendicular to a direction of rotation of the spindle device. The stop is 
disposed such that in the stop position, an interstice exists between the upper end face 
of the head of the spindle device and the housing part of the parking brake, so that 
seizing of the spindle device at its head can be prevented. 

[0016] A height of the first and second element of the stop is preferably less than one 
thread pitch of the spindle device. This reliably prevents the head of the spindle device 
from coming into contact with the housing component of the parking brake, where it 
could seize. 
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[0017] The method according to the invention for actuating an automatic parking brake 
includes the steps of actuating the spindle device until it contacts the brake piston, then 
building up a hydraulic pressure in the hydraulic chamber between the brake piston and 
the auxiliary piston in order to move the brake piston in such a way that the brake is put 
in the locked state, and to move the auxiliary piston, connected to the spindle, in an 
opposite direction from the brake piston, as a result of which the spindle is spaced apart 
from the brake piston. In a next step, the spindle device is actuated once again, until the 
spindle device again contacts the brake piston, so that the position of the brake piston is 
mechanically fixed via the spindle device and the auxiliary piston. Next, the hydraulic 
pressure in the hydraulic chamber is reduced. If the brake piston of the service brake of 
the vehicle is used as the brake piston of the parking brake, which is especially 
advantageous since in that case no additional components are necessary, then it is 
assured according to the invention that during the locking operation of the parking 
brake, only a certain hydraulic volume is employed. Once the parking brake is locked, 
the hydraulic pressure in the hydraulic chamber is reduced again, so that in the locked 
state of the parking brake, no hydraulic fluid from the brake circuit of the service brake 
has to be used. If settling effects occur at the components of the automatic parking 
brake after the pressure reduction in the hydraulic chamber, they can be compensated 
for by the spring that acts on the auxiliary piston. The spring furnishes a certain 
elasticity of the system. The spring is moreover designed such that if only a slight 
change in the length of the spring occurs, the spring force changes only minimally, if at 
all. 
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[0018] In the method of the invention, the spindle device is preferably driven by an 
electric motor. A diagnosis of the state of the parking brake, that is, whether the 
parking brake is in the locked state or the released state, is made on the basis of a motor 
current consumed by the electric motor. A motor current consumption over time can be 
compared with comparison values stored in memory. The comparison values may be 
permanently stored in a memory, or the values from a previous actuation of the parking 
brake can be used as comparison values. 

[0019] In the method of the invention, before the onset of the actuation of the spindle 
for locking and/or release of the parking brake, the spindle device is also preferably 
driven in an opposite direction from the actuation direction, so that the spindle device 
strikes a component, and a magnitude of a blocking motor current can be determined. 
This blocking motor current can then be used directly in the diagnosis process in 
evaluating the motor current graph of the electric motor during the actuation of the 
parking brake. 

[0020] The release of the locked parking brake is preferably done such that first, a 
hydraulic pressure is built up between the brake piston and the auxiliary piston, and the 
electric motor for actuating the spindle device is operated with a continuously 
increasing driving force. Since the auxiliary piston is spring-loaded by the spring 
element, the spindle device does not begin to rotate in the auxiliary piston until the 
pressure force in the hydraulic chamber is equal to or somewhat greater than the spring 
force. As a result, it can continue to be assured that optimal efficiency can be attained 
upon the release of the parking brake, since an optimal motor current can be used for 
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driving the spindle device. The spindle device is driven until it strikes a component. 
The hydraulic pressure in the hydraulic chamber is then reduced, causing the brake 
piston and the auxiliary piston to move toward one another. Since the spindle device is 
connected to the auxiliary piston via the threaded connection, the spindle device comes 
out of contact with the component again. Once the hydraulic fluid is drained out of the 
hydraulic chamber, the spindle is driven yet again, until it is again in contact with the 
component. As a result, the parking brake is shifted into a released state. 

[0021] It should be noted that upon release, a restoring force can additionally be 
exerted on the brake piston, to reinforce a restoration of the brake piston. To that end, a 
separate restoring element may be provided, or the restoration is done by means of a 
sealing element, which seals off the hydraulic chamber from the environment 
surrounding the brake piston. The sealing element may be embodied as a cuff, for 
instance. 

[0022] The automatic parking brake of the invention and the method of the invention 
for actuating the automatic parking brake can be implemented simply and 
economically. In particular, a diagnosis process can easily be integrated, so that a 
complicated sensor array can be dispensed with. Furthermore, a manual emergency 
release device can also be provided, by providing for a manual actuation of the spindle 
device. It can moreover be assured that unintentional locking and release of the parking 
brake will not happen, since releasing or locking each require separate triggering of the 
drive, in particular the electric motor. Since the automatic parking brake of the 
invention does not use any tapering surfaces and thus does not utilize any wedge 
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actions, it can be operated regardless of changing friction conditions. As a result, the 
operating safety can be improved markedly, and a long service life can be assured. 



[0023] Since moreover the auxiliary piston is secured by the spindle device in the 
unused state of the parking brake, the parking brake of the invention has no influence 
on the actual service braking of the vehicle, since no additional volumetric increase 
because of the parking brake is necessary. Since in the released state of the parking 
brake, the spring-loaded auxiliary piston is preferably already in the terminal position, 
unintentional locking does not occur. 

[0024] Drawing 

[0025] One exemplary embodiment of the invention is shown in the drawing and 
described in further detail in the ensuing description. Shown in the drawing are: 

[0026] Fig. 1, a schematic sectional view of an automatic parking brake in a first 
exemplary embodiment of the present invention, in a state before the onset of a locking 
operation; 

[0027] Fig. 2, a schematic sectional view of the parking brake in a second position 
during the locking operation; 

[0028] Fig. 3, a schematic sectional view of the parking brake in a third position during 
the locking operation; 
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[0029] Fig. 4, a schematic sectional view of the parking brake in a fourth position 
during the locking operation; 

[0030] Fig. 5 5 a schematic sectional view of the parking brake in a locked state; 

[0031] Fig. 6, a graph which shows the current consumption over time of an electric 
motor for driving the parking brake; 

[0032] Fig. 7, a schematic sectional view of an automatic parking brake in a second 
exemplary embodiment of the present invention; and 

[0033] Fig. 8, a schematic sectional view of an automatic parking brake in a third 
exemplary embodiment of the present invention. 

[0034] Description of the Exemplary Embodiments 

[0035] In conjunction with Figs. 1-6, an automatic parking brake 1 in a first exemplary 
embodiment of the invention will be described below. 

[0036] As can be seen from Figs. 1-5, the parking brake 1 of the invention includes a 
brake piston 2, an auxiliary piston 3, and a hydraulic chamber 4 disposed between the 
brake piston 2 and the auxiliary piston 3. A spindle 5 is also provided, which is 
connected to the auxiliary piston 3 via a threaded connection 6. A spring element 7 is 
disposed between the auxiliary piston 3 and a housing part 1 1 of the parking brake and 
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exerts a spring force on the auxiliary piston 3 in such a way that the auxiliary piston 3 is 
pressed downward in the direction of the brake piston 2. The auxiliary piston rests on a 
housing region 1 la, if the parking brake is in a released state. 

[0037] As can be seen from Figs. 1-5, the hydraulic chamber 4 is sealed off by means 
of three sealing elements 8, 9 and 10. More precisely, the sealing element 8 seals off 
the brake piston 2 from the environment outside it in the direction of a brake disk, not 
shown. The sealing element 9 is disposed between the brake piston 2 and the auxiliary 
piston 3, and the sealing element 10 is disposed between the auxiliary piston 3 and the 
housing part 1 1 of the parking brake. The two sealing elements 9 and 10 seal off the 
hydraulic chamber 4 from a chamber 12 in which the spindle 5 and the spring element 7 
are disposed. It is thus assured that the spindle 5 and the spring element are located 
outside the hydraulic fluid. However, it should be noted that in principle, operation of 
the spindle 5 in the hydraulic fluid is also possible. It is also noted that a line for 
supplying and for emptying the hydraulic chamber 4 is not shown in Figs. 1-5, for the 
sake of greater clarity. 

[0038] In the brake piston 2, on its side oriented toward the auxiliary piston 3, there is 
also a region 2b of reduced diameter, in which a blind bore 2a is shown. The blind bore 
2a serves for instance to receive part of the spindle 5 and forms a stop for the spindle. 

[0039] A stepped through bore 3a is formed in the auxiliary piston 3, and part of the 
stepped bore furnishes the threaded connection 6 to the spindle. The part 2b of the 
brake piston 2 of smaller diameter is received in the region of the stepped bore 3a 
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having the larger diameter. The sealing element 9 is also disposed in this region. The 
maximum difference in the strokes of the brake piston 2 and the auxiliary piston 3 is 
determined by the depth of the first step of the stepped bore 3a. 

[0040] Thus for keeping the vehicle parked, the automatic parking brake 1 of the 
invention uses the same brake piston 2 that is also used by the normal service brake of 
the vehicle. The number of parts needed for the automatic parking brake can thus be 
reduced. The parking brake of the invention thus has a compact construction. 

[0041] The sealing element 8 is embodied as a sealing cuff and exerts a restoring force 
on the brake piston 2 in the direction of the auxiliary piston 3, as soon as the brake 
piston 2 moves downward from its outset position shown in Fig. 1 . 

[0042] The spindle 5 is driven via an electric motor 13, shown only schematically. The 
electric motor 13 is connected to a diagnosis device 14. The diagnosis device 14 uses 
the motor current consumed by the electric motor for diagnosing the state the automatic 
parking brake 1 is in. In particular, the diagnosis device 14 ascertains whether the 
parking brake 1 is in the locked state or the parking brake 1 is in the released state, once 
an actuation command for the parking brake has accordingly been issued, for instance 
by the driver by pressing a button. The electric motor 13 can either be connected 
directly to the spindle 5, or a gear can be connected between the electric motor 13 and 
the spindle 5. 
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[0043] The method for actuating the automatic parking brake 1 of the invention will be 
described below. Fig. 1 shows the outset position of the parking brake 1 5 in which the 
parking brake 1 is in the unlocked or released state. 

[0044] Beginning at the unlocked state of the parking brake, shown in Fig. 1, the 
electric motor 13 is first operated in such a way that the spindle 5 is pressed in the 
direction of the arrow P toward the housing part 11. This step prior to the actual 
actuation of the parking brake serves to determine a blocking current of the electric 
motor 13. As the graph in Fig. 6 shows, the electric motor 13 is operated only briefly, 
to ascertain the maximum blocking current. In Fig. 6, the determination of the blocking 
current is represented by the letter A. In this exemplary embodiment, the maximum 
motor current is approximately 1.9 A. 

[0045] Once the maximum blocking current is ascertained, the electric motor is 
stopped and is operated in the opposite direction, to move the spindle 5 in the direction 
of the arrow R (see Fig. 2). In Fig. 6, the onset of the actuation of the spindle 5 in the 
opposite direction to arrow P is represented by the letter B. The spindle 5 rotates in the 
direction of the arrow R until it rests on the bottom of the blind bore 2. Since the 
auxiliary piston 3 rests on the housing region 11a, and a communication of the 
hydraulic chamber 4 with a hydraulic reservoir is interrupted, the spindle 5 cannot move 
any farther in the direction of the arrow R. As a result, the motor current consumed by 
the electric motor 13 increases to its maximum value again, as represented in Fig. 6 by 
the point C. This state is shown in Fig. 2. 
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[0046] When the controller finds that the spindle 5 is resting on the brake piston 2, the 
electric motor is shut off, and hydraulic fluid is delivered into the hydraulic chamber 4. 
As a result, the auxiliary piston 3 moves upward in the direction of the arrow S until it 
rests on the housing region 1 1 b and the brake piston 2 moves downward in the direction 
of the arrow T, in order to execute the locking of the brake. This state is shown in Fig. 
3. Since the spindle 5 is firmly connected to the auxiliary piston 3 via the threaded 
connection 6, the spindle 5 is moved upward as well. 

[0047] To attain a mechanical locking of the parking brake, the electric motor 13 is 
operated again, so that the spindle 5 is moved back downward in the direction of the 
arrow R (see Fig. 4). The onset of this new actuation of the electric motor 13 is marked 
in Fig. 6 by the letter D. The spindle is moved downward until it again rests on the 
brake piston 2, or more precisely in the blind bore 2a. This state is shown in Fig. 4 and 
is marked in Fig. 6 by the letter E. The electric motor 13 is then shut off again. The 
brake piston 2 is thus mechanically fixed in its position via the spindle 5 around the 
auxiliary piston 3 on the housing part 1 1 . 

[0048] Next, the hydraulic fluid is drained out of the hydraulic chamber 4. This state is 
shown in Fig. 5. Because of settling between the individual components and play in the 
threaded connection 6, the auxiliary piston 3 may move downward somewhat. This is 
shown in exaggerated fashion in Fig. 6 for the sake of greater clarity. However, since 
the spring element 7 is disposed between the auxiliary piston 3 and the housing part 1 1, 
or more precisely the housing region 1 lb, the position of the brake piston 2 is not 
changed; instead, the spring element 7, by its spring force, presses against the brake 
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piston 2 via the auxiliary piston 3 and the spindle 5. A mechanical fixation of the brake 
piston 2 is thus assured, despite any play or settling that may be present. 

[0049] The automatic parking brake can thus make the braking position of the brake 
piston 2 possible without using hydraulic fluid from the service brake circuit. 
Moreover, during the locking operation, the spindle 5 always rotates in the same 
direction of rotation, and therefore any play that may exist in the spindle upon a reversal 
of direction will not cause any deviation. Moreover, compensation for any lining wear 
that may occur in the brake can easily be compensated for by means of a lengthened 
spindle stroke. Because of the use of the spring element 7, there is also a certain 
elasticity of the system in the event of settling. 

[0050] To release the parking brake 1, beginning in Fig. 5, hydraulic fluid is first 
delivered into the hydraulic chamber 4. The electric motor 13 is then supplied with 
current, such that it attempts to rotate the spindle 5 upward. Since via the spring 
element 7 and the auxiliary piston 3 a very strong spring force is being exerted on the 
spindle 5, the electric motor is at first unable to move the spindle. Not until the 
pressure in the hydraulic chamber 4 becomes greater than the spring force of the spring 
element 7 exerted via the auxiliary piston 3 is the spindle 5 relieved, and the auxiliary 
piston 3 is pressed upward by a slight amount, until it once again rests on the housing 
region lib. As soon as the pressure in the hydraulic chamber 4 becomes somewhat 
greater than the spring force, the spindle 5 begins to rotate upward. The spindle 5 is 
rotated until it strikes the housing part 1 1 and the electric motor 13 is again consuming 
the blocking current. Once that has been ascertained, the pressure in the hydraulic 
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chamber 4 can be reduced again, so that the auxiliary piston 3 and the brake piston 2 
move toward one another again. In the process, the auxiliary piston 3 is moved by the 
spring element 7, and the brake piston 2 is restored to its outset position by means of a 
restoring function of the sealing element 8. The spindle 5 is now spaced apart 
somewhat from the housing part 1 1 . 

[005 1 ] By means of the various graphs of the current consumption of the electric motor 
13 over time, a diagnosis can easily by performed by means of the diagnosis device 14 
of the parking brake. The functional sequence of the locking and release operations can 
be determined from the behavior of the current consumption of the electric motor. 
Sensors can therefore be dispensed with. 

[0052] It should be noted that for safety reasons, it is understood that still other 
methods, such as an unlock test or a PV test, can be performed in order to determine the 
locked state. 

[0053] Fig. 7 shows an automatic parking brake in a second exemplary embodiment of 
the invention. Elements that are the same or functionally the same are identified by the 
same reference numerals as in the first exemplary embodiment. 

[0054] Unlike the first exemplary embodiment, the parking brake 1 of the second 
exemplary embodiment additionally has a device 1 5 for preventing seizing of the 
spindle device 5. As Fig. 7 shows, the device 15 for preventing seizing includes a ball 
16 and an elastomer 17. The ball 16 is disposed in a head region of the spindle device 
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5. The elastomer 17 is disposed in a recess 18 formed in the housing part 1 1 . The 
motion of the spindle 5 is thus prevented by the device 15 for preventing seizing. Thus 
a gap U between the head of the spindle device 5 and the housing component is assured, 
so that no friction is possible between the head of the spindle device 5 and the housing 
part 11. The ball 16 and the elastomer 17 thus form a stop for the spindle device 5. 
The transmission of force to the housing part 1 1 in the loaded state is effected via the 
threaded connection 6 between the spindle 5 and the housing part 1 1 . The gap U 
between the head of the spindle 5 an the housing part 1 1 is large enough to prevent 
contact between the spindle head and the housing part even in the event of thermal 
expansion of the components. Thus a release in the loaded state is possible at all times 
through the gap U. Since the element disposed on the spindle 5 is embodied as a ball 
16, contact between the ball 15 and the elastomer 17 is minimized, and hence only 
minimal friction occurs between the ball 15 and the elastomer 17. Otherwise, this 
exemplary embodiment is equivalent to the exemplary embodiments described above, 
and so reference may be made to their description. 

[0055] Fig. 8 shows an enlarge detail of a parking brake in a third exemplary 
embodiment of the present invention. Elements that are the same or functionally the 
same are identified by the same reference numerals as in the other exemplary 
embodiments above. 

[0056] The third exemplary embodiment is substantially equivalent to the second 
exemplary embodiment and likewise has a device 15 for preventing seizing of the 
spindle 5. Unlike the second exemplary embodiment, however, in the third exemplary 
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embodiment the device for preventing seizing is embodied as a stop 19. As Fig. 8 
shows, the stop 19 includes a first element 20 and a second element 21 . The first 
element 20 is an integral region, formed on the housing part 1 1, that protrudes into the 
spindle chamber 12. The second element 21 is a protruding region, formed on the head 
of the spindle 5, that protrudes outward from the head of the spindle 5. The height of 
the first element and of the second element of the stop 19 is selected such that in the 
state of contact between the first element 20 and the second element 2 1 , a stop face is 
formed that is perpendicular to a circumferential direction of rotation of the spindle 5. 
As a result, further rotation of the spindle 5 is prevented, so that the head region of the 
spindle 5 cannot come into contact with the housing part 11. As a result, once again the 
gap U between the head of the spindle 5 and the housing part 1 1 can be maintained, so 
that no friction occurs between these two parts. This prevents seizing of the spindle 5 
on the housing part 1 1 . 

[0057] The height of the stop, that is, of the second element 21 on the spindle 5, is 
selected such that it is less than one thread pitch of the threaded connection 6, or in 
other words shorter than the distance which the spindle 5 travels upon the full 
revolution in the direction of the spindle axis. Otherwise, the third exemplary 
embodiment is equivalent to the previous exemplary embodiment, the description of 
which above can therefore be referred to. 
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